Background and Aims: The ERCP volume in developed countries has decreased recently, whereas the ERCP trend is unknown in developing countries. This study aimed to evaluate the ERCP development in China between 2006 and 2012.
ERCP is an important technique for pancreaticobiliary disease and has continued to develop for more than 4 decades. 1, 2 In developed countries, the role of ERCP has gradually changed from a diagnostic to a therapeutic modality, and the total volume has decreased in more recent years. [3] [4] [5] However, reliable data on the trend of ERCP growth in developing countries are sparse, especially in China, India, and other emerging market countries where ERCP is still a relatively new and rising technique.
According to the national survey conducted by the Chinese Society of Digestive Endoscopy (CSDE) in 2007, a total of 63,787 ERCP procedures were performed in 470 hospitals across mainland China in 2006, with an estimated annual ERCP rate of 4.87 per 100,000 inhabitants, 6 thereby suggesting that ERCP use needs substantial improvement. Recently, the economy of China has developed dramatically. Thus, ERCP use may also be significantly improved. To address this issue, the CSDE conducted another survey in 2013 to evaluate the development over 6 years and to investigate the potential problems in ERCP use in China. This study may also provide useful information for other developing countries.
METHODS

Conduct of the survey
The present study was initiated and organized by the CSDE and supervised by the Chinese National Ministry of Health as part of the Chinese Digestive Endoscopy Census 2012. All 31 provincial branches of the CSDE in mainland China participated in the survey. Hospitals that could provide ERCP service were confirmed through local health authorities by CSDE branches. Online predesigned structured questionnaires were completed by a senior endoscopist in each hospital. Data were collected by CSDE headquarters and analyzed in Shanghai.
After returning the questionnaires to the organizer, 1 of 10 hospitals involved were selected through simple random sampling. From November 2013 to February 2014 the involved individual branches of the CSDE covering these selected hospitals collected the official annual reports from the hospitals and independent personnel of the CSDE branch checked the data on the questionnaires and then returned the results to the organizer. If significant discrepancies were present in the data between 2 data sources, the questionnaire was considered invalid and excluded in the analysis by the organizer.
Contents of the questionnaire
The contents were completed according to the data in 2012. The questionnaire included data on the general status of hospitals; infrastructure for ERCP; volume, indication, and anesthesia method for ERCP procedures; and post-ERCP adverse events. The general status of hospitals included hospital ownership and grading. In China the Chinese Ministry of Health graded the hospitals as III, II, and I, which is in descending order. Grades III and II hospitals are tertiary and secondary referral hospitals, respectively, 6 and ERCP could be performed in these hospitals. Post-ERCP adverse events in this survey included post-ERCP pancreatitis, bleeding, perforation, and cholangitis. The definition of adverse events was consistent with Cotton et al's ERCP adverse event consensus. 7 
Data collection and analysis
Data from returned questionnaires were extracted and summarized in a database for further analysis. The ERCP rate in a year was used as a main index to evaluate the adequacy of ERCP use. The gross domestic product (GDP) per capita was used as the main index to represent the economic development of a provincial region. 8 The data in this survey were compared with those retrieved or estimated from the previous national survey in 2007 and published reports from developed countries.
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Statistical analysis
Categoric data are shown as percentages. The nonparametric correlation statistical test (1-sided Spearman test) was used to analyze the correlations between regional GDP per capita and ERCP rate. The Student t test was used to analyze the association between the adverse event rate and an individual hospital's ERCP volume or duration of ERCP service. Simple random sampling and statistical analyses were performed using SPSS version 17.0 for Windows (SPSS Inc, Chicago, Ill). A 2-sided P < .05 was considered to be statistically significant.
RESULTS
General status and ERCP infrastructure of hospitals
In 2012, 1156 hospitals performed ERCP in mainland China, which was 2.46-fold the number in 2006 (n Z 470). All of these hospitals responded to this survey. The data check was performed in 117 hospitals (10.1%), and no check revealed significant discrepancies in these hospitals. Table 1 lists the general status of these hospitals performing ERCP. In the 1156 hospitals, more than half 
ERCP volume and its distribution
In 2012 the total ERCP volume in mainland China was 195,643, with an estimated ERCP rate of 14.4 per 100,000 inhabitants. The ERCP rate in 2012 was significantly increased from that in 2006 (4.9 per 100,000 inhabitants) but was still much lower than the rates of developed countries (Fig. 1) .
The development of ERCP rates in various regions between 2006 and 2012 is presented in Figure 2 . Significant imbalance still existed in the regional distribution of ERCP use in 2012, but the ERCP rate increase was more obvious in the less-developed Western (4.34-fold) and Central (3.14-fold) regions. A significant correlation existed between the ERCP rate and GDP per capita in 2006 and 2012 (2006: r Z .871, P < .001; 2012: r Z .452, P Z .005) (Fig. 3) .
Significant variation was observed in the annual ERCP volume between different hospitals (Fig. 4) In 2012 the reported post-ERCP adverse events in China included 8471 (4.33%), 1016 (.52%), 352 (.18%), and 1285 (.66%) cases with post-ERCP pancreatitis, bleeding, perforation, and cholangitis, respectively. The adverse event rate was similar between high-volume (500/y) and lowvolume (<500/y) hospitals and between hospitals that started ERCP before or in 2006 and hospitals that started ERCP after 2006 (Table 2) .
DISCUSSION
This is the first report about nationwide ERCP development from a developing country. The overall ERCP use improved significantly in China between 2006 and 2012, with the annual ERCP rate almost tripled. However, the absolute volume of ERCPs still needs to be substantially increased in China compared with developed countries. Low-volume hospitals constituted a considerable proportion, especially for hospitals that started ERCP after 2006. Nevertheless, the adverse event rates in those hospitals were acceptable, and these emerging ERCP providers may offer a feasible solution for China's large demand for ERCP. ERCP is an important technique for the diagnosis and treatment of pancreaticobiliary diseases. Because CT, MRCP, and other imaging modalities partly replaced ERCP as a diagnostic tool, temporal changes in ERCP volume have been observed in many countries in more recent years, and the total volume has decreased in some developed countries. [3] [4] [5] However, this phenomenon may not be the reality in developing countries. In China, India, Brazil, and other rising developing countries, ERCP is still at the early development stage with rapid growth along with the economy. There are large-volume ERCP centers in some developed regions, managing patients transferred from the entire country and training ERCP practitioners for less-developed regions. [16] [17] [18] Therefore, there may be different patterns in ERCP use, practice status, and quality control compared with developed countries.
From 2006 to 2012, ERCP use in China has seen considerable improvement. The total number of hospitals performing ERCP increased from 470 to 1156, and the annual ERCP rate increased from 4.9 to 14.4 per 100,000 inhabitants. The development trend of ERCP in China today is fairly different from that in developed countries but is consistent with the economic growth and increase of medical input in China, which promoted both the renewal of ERCP infrastructure and the training of ERCP practitioners. Compared with common digestive endoscopy, ERCP needs relatively more human and material resources, and economic factors influence its use to a large extent. As shown in this study, a significant association exists between the ERCP rate and the local GDP per capita (P < .05). 19 This is mainly because standard ERCP training programs have been widely conducted in China's large endoscopy centers, and more continuing medical education programs, including academic conferences and endoscopy workshops, are now available.
Although the ERCP development in China is inspiring, the following 3 aspects should be considered further. First, the absolute volume of ERCP procedures still needs to be substantially increased. To date, there is no consensus on the optimal ERCP rate for a country, but the ERCP rates of developed countries can be adopted as suboptimal references, which basically ranged within 70 to 100 per 100,000 inhabitants, almost 5-fold that of China in 2012 (Fig. 2) . Furthermore, China is a region with a high prevalence of pancreaticobiliary diseases. [20] [21] [22] [23] [24] The ERCP rates of developed countries may not be the benchmark for China in the recent period, but the significant shortage in lessdeveloped and remote regions instigated our concern in this area. The most developed region in China, Shanghai, had an ERCP rate of 99.1 per 100,000 inhabitants, which was comparable with that in developed countries. Meanwhile, the ERCP rate in Tibet was only 1.3 per 1,000,000 inhabitants. Moreover, the total ERCP volume in 262 secondary referral hospitals, most of which were located in small and medium-sized towns, only constituted 7.8% (n Z 15,188) of all procedures. Although this distribution seemed reasonable to some extent during the early development stage of a technique, with an expected narrowing gap as the economy developed (Fig. 2) , some measures could be taken currently to alleviate this shortage and maximize the benefits of ERCP. We believe that patients with indications for elective and challenging ERCP procedures could be transferred to high-level hospitals in developed regions, whereas patients who need emergency ERCP (eg, acute cholangitis) should be managed in the local community hospital. Therefore, we suggest that health authorities, especially in less-developed and remote regions, should consider some targeted measures, such as promoting multisite practice by experienced ERCP practitioners and establishing ERCP centers mainly for emergencies and procedures with low difficulty.
Second, the proportion of hospitals with low-volume ERCP was high. In 2012 nearly half of the hospitals (46.8%) performed fewer than 50 ERCPs throughout the year. This result could be attributed mainly to the 686 hospitals that started ERCP after 2006, most of which were located in less-developed and remote regions. The median ERCP volume of these 686 hospitals in 2012 was only 31.5 (range, 1-1000; IQR, . Although the hospitals with low-volume ERCP have been a concern for a long time, 10, 12, [25] [26] [27] [28] we still consider these hospitals as a feasible solution for the large demand for ERCP in China in recent years. On one hand, encouraging hospitals and endoscopists to start an ERCP service is necessary for ERCP development, especially in less-developed regions, even though their volume may not be high in the beginning. On the other hand, the adverse event rate did not significantly increase in these hospitals, suggesting an acceptable quality of procedures. The association between the ERCP volume of a hospital and the quality and outcome of ERCP has not been conclusive. Several studies showed that only if the endoscopists are technically competent and the indication is appropriate, low-volume hospitals could also complete ERCPs with high success rates and low adverse event rates. 12, 28 In fact, most hospitals with low ERCP volumes (or during the initial years after starting ERCP) would select patients who required low-difficulty procedures and would invite experienced ERCP practitioners from large ERCP centers to guide or live-demonstrate procedures, both of which are beneficial for increasing ERCP quality. In our opinion, balancing quality improvement and quantity increase has been a difficult problem for a long time in the development of China's healthcare system, because the gap has always been large but human and material resources are limited. Seemingly low-level modifications, such as barefoot doctors (farmers who received basic medical and paramedical training and worked in rural villages) decades ago, may also be a feasible method. 29 Therefore, we recommend that these low-volume hospitals should continue their ERCP service but should manage patients with appropriate indications and risk levels according to the practice status.
Third, a number of large ERCP centers have emerged. During the past decade, a large number of hospitals in China experienced a new round of rapid expansion. In 2012, 20 top ERCP centers completed 20% of the total volume in China (individual ERCP volume, 1069-3478). These centers have become the main referral centers and training centers for ERCP and completed most studies and practice guidelines on ERCP in China. [30] [31] [32] However, the core principle of healthcare reform in China is to provide basic health care as a "public service" to the people; healthcare facilities at the community level are the priority for financial input. 33 Considering that ERCP is a challenging and important technique, we still believe that these large ERCP centers need continuous support in developing personnel and increasing ERCP volume to lead ERCP development nationwide in the future.
This study has several limitations. First, this study is retrospective, and recall bias could not be avoided. A national prospective survey or registry is necessary for subsequent study. Second, this study is the first online national survey on digestive endoscopy in mainland China, and some data, such as detailed indication, anesthesia methods, and successful rate of cannulation, were not included, which precluded further analysis about the quality control.
In conclusion, ERCP has developed considerably in China in recent years. Although most have low annual volumes, the hospitals starting ERCP after 2006 have acceptable adverse event rates and will be the essential growth point for ERCP development in China, which should be the priority for support in the future.
